Balsam Lake Water Quality Study

Prepared for
Balsam Lake Protection and Rehabilitation District

June 2011



Balsam Lake Water Quality Study

Prepared for
Balsam Lake Protection and Rehabilitation District

June 2011

4700 West 77" Street
Minneapolis, MN 55435-4803
Phone: (952) 832-2600

BARR Fax: (952) 832-2601



Acknowledgements

The Balsam Lak&Vater Quality Study was completed with the assistance of the Balsam Lake

Protection and Rehabilitation District (BLPRD), Alec Larson and Kari Larson, Polk County Land

and Water, and the Wisconsin Department of Natural Resources. A special thankotiowiad

for their help during the project:

Dave Wagner

Karen Aubin

Alec Larson

Kari Larson

Eric Wojchik

Kris Larsen

Pamela Toshner

BLPRD Commissioner
Overall Project Manager

BLPRD Commissioner
WDNR contact for project grant and project treasurer

Employed by Village of Balsam Lake
Tributary and In-Lake Monitoring and Data Summary

Employed by Village of Balsam Lake
In-Lake Monitoring

Conservation Planner, Polk County Land and Water
Determine Land Uses in Watershed

Wisconsin Department of NaturakBources (WDNR)
WDNR Project Manager

Wisconsin Department of Natural Resources (WDNR)
WDNR Lake and River Management Coordinator and Grants Coordinator

Thanks to the WDNR for providing lake planning grant funding which funded 7®peat the
monitoring program. The rest of the study was funded by the BLPRD.



Executive Summary

A water quality study of Balsam Lake was completed in 2010 to determine management
recommendations to protect and improve water quality. The study deterthatedn average,

Balsam Lake water qualityas acceptable and the lake was not impaired for aquatic recreation.
Balsam Lake observedlake wide summer average phosphorus concentration pga6which met

the Wisconsin State phosphorus standard of @@ . Although the intent of the state standard is to
apply it to the lake wide summer average, the standard was compared to individual basins to detect
water quality problems. This comparison indicated S1, also known as East Balsam Lake,
experienced watequality problemsn 2010due to high phosphorus concentrations. Biesummer
average total phosphorus concentration was 48 pg/L, which is higher than the State Standard of 30
png/L. The other five monitored basins observed summer average total phasgbacentrations
ranging from 20 pg/L to 23 pg/L. Because these concentrations were less tt&iatdtandard, it

was concluded that these basins did not experience water quality problems in 2010.

The good water quality observed in much of Balsam Liak#010 has resulted from good

management of the | akeds watershed. Precipitati
three of the | akebs tributaries in 2010. The daf
the watershed land area§he computations revealed that the phosphorus export rates from the Otter

Creek, Lower Rice Creek, and Harder Creek watersheds weredaging from 0.03 to 0.05 pounds

per acreand are comparable to the expected rate of export from heavily forestexdneds

(Panuska, 1995)The low rates indicate thath e Iwatdrshdéddand uses are well managed and

result in minimal phosphorus export to Balsam Lake. The phosphorus export rates were more than

two orders of magnitude (100 times) lower than Wistomphosphorus regulations which restrict

phosphorus runoff from fields to 6 pounds per acre annually.

A trend analysis showed that significant improvement in water transparency occurred during the

1988 through 2010 period at S6, also known as Little Balsake. The improvement rateasabout

2 inches per year. The | alwaeishednamagemenveffalis wat er q u
including construction of a sedimentation basin and purchasing property adjacent to Ricen@éreek,
successful. The otihéake basins have maintained a stable water quality over time and did not

exhibit significant changes in Secchi disc during the 1988 to 2010 period.

Water quality models determined the annual hydrologic (water) and phosphorus budget for Balsam

Lake as wdlas annual hydrologic and phosphorus budgets for the six monitored lake basins. The



modeling effort indicated that half of the annual phosphorus load to S1, also known as East Balsam

Lake, is from internal loading during the summer period (June throwgjugt). Internal loading

resulted from anoxic conditions (oxygen less then 2 mg/L) at the sediment water interface which

enabled sediments to pump phosphorus into the overlying waters. Frequent mixing of this shallow

basin regularly brought theinterraload t o t he | akeds surface where &
consistently observed high phosphorus and chlorophyll concentrations and poor water clarity during

the summer period when internal loading was occurring. Modeling indicates that eloninathe

internal load would reduce the summer average phosphorus concentration of S1 from 48 pg/L to 31

Og/ L and would improve the | akebs water clarity |

Modeling predictions did not indicate summer internal loading at the other badowever, a

evaluation of lake water quality changes during September reveals that some internal loading appears
to have occurred at five of the six monitored lake badureng the fall mixing period The loading

occurred as surface waters cooled #mheavier, cooler surface waters sank, thus allowing the

war mer, | ighter, deeper waters to rise to the sulil
was computed, based upon modeled predictions and monitoring dat&ig8te 1)observed the

highest loading rate of 27.7 mgffday and was estimated to load 737 pounds of phosphorus to

Balsam Lake during the June through September period.intémmalloading rate for S@§Figure 1)

of 3.8 mg/ni/day is nearly an order of magnitude lower than$tidoading rate. It is estimated that
internal loading inS6 added 149 pounds of phosphorus to the lake during September when mixing
began. S4 observea énternalloading rate of 2.9 mg/ffday andit is estimatedhat internal loading

added 862 poundsf phosphorus to the lake during September. S3 an@igdre 1)observed
internalloading rates of 0.3 and 0.03 md/day, respectively, aniiternal loadingadded 42 and 0.1

pounds of phosphorus to the lake in September, respectiVhly.model did notletect an internal

loading contribution from S®Figure 1)

Monitoring and modeling results were used to identify management recommendationsove

and protect the water quality Blalsam Lakeincluding:

e S1 sediment study tlmadicdgeproblén anddesggn dnalknetfeatmentn t er n

to solve the problem

¢ Periodic inspection and maintenance of Rice Creek sedimentationtbgsiotect the water

guality of Little Balsam Lake and downstream basins.
e Monitor Secchi disc annually at S1, S2, 84d S6&o detect changes in water clarity.



Trend analysi®f Secchi disc datavery 3 yearso detectsignificant changes in water clarity.

Work with Polk County Land and Water to periodically review cropland management
practices in S1 and S4 watersheéadsletermine changes that could adversely impact land
water quality and identify and implement management practices to address the adverse

changes.

Periodic water quality monitoring of Balsam Lake(fd track changes in internal loading in
S4 and S6 (2) tick the results of an S1 alum treatment should it occudé8rmine
management needs for the laké) provide a sound scientific basis for management
decisiong5) collecttotal phosphorus and chlorophglidataso that a trend analysis to
identify signficant changes in phosphorus and chlorophytbncentrations can occwhen
at least 5 years of data have been collected.
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1.0 Introduction

A water quality study of

Balsam Lake was completed td
determine management
recommendations to protect
and improve lake water quality
The study intuded monitoring
inflow streams (Otter Creek,
Lower Rice Creek, and Harder|

Creek) and lake levetluring
the period October through
November 2009 and March
throughSeptember 2010The
inflow data were used in ater

guality models (FLUX and

A water quality study of Balsam Lake was completed to
WILMS) to predct the amount  protect and improve lake quality. Above, a lake resident
of phosphorus that reached enjoys skiingon Balsam Lake during 2010.

Balsam Lake via stormwater runoff.ake level data were used to determine changes in lake storage
during the monitoring period. Precipitation data were collected from inflow locations during March
through Septemlyveof 2010. Precipitation data were compared with inflow data to determine
watershed water yieldLake water quality data were collectt]dm six locationdwice per month

during May through Septembef 2010. The inflow precipitation, lake levelnd bke water quality
data were used to calibrate a-lake mode(BATHTUB). The inlake modelcomputel hydrologic

and phosphorus budgetieterminel when internal loading occurreahdinternal loadingatewhenit
occurred, ananodeledake response to phpkorus loading from watershed and internal sources

The inlake model helpednderstand iflake processeisicluding phosphorus transport within the

lake, both one way movement from one basin to anothetvamdvay movement between basins.

This report disusses thetudyresults and provides recommendations for future management efforts.
A section on general concepts in water quality precedes the study discuBsi@ils of study

methods and data collected in the study are found in the appendices rtepibit.

P:AMpls\49 WN49\49491001 Balam Lake Water Quality StudyorkFilesReporiReport for DNR CDBalsam Report.doc 1



2.0 General Concepts in Water Quality

There are many concepts and terminology that are necessary to describe and evaluate a lake or
pondds water quality. This section is a brief di
topics:

e FEutrophication

e Trophic states

e Limiting nutrients

e Nutrient recycling and internal loading
e Watershed

To learn more about these five topics, one can refer to any text on limnology (the science of lakes

and streams).

2.1 Eutrophication

Eutrophication, or lakeafradation, is the accumulation of sediments and nutrients in lakes. As a
lake naturally becomes more fertile, algae and weed growth increases. The increasing biological
production and sedi ment icanéventwally fill thelake & sh eb d saikre.6 s Qw
a period of many years, the lakansuccessively become a pond, a marsh and, ultimately, a
terrestrial site. This process of eutrophication is natural and results from the normal environmental
forces that influence a lake. Cultural eaphication, however, is an acceleration of the natural
process caused by human activities. Nutrient and sediment inputs (i.e., loadings) from wastewater
treatment plants, septic tanks, and stormwater runoff can far exceed the natural inputs to the lake.
The accelerated rate of water quality degradagissociated withhese pollutants results in

unpleasant consequencaxluding profuse and unsightly growths of algae (algal blooms) and/or the
proliferation of rooted aquatic weeds (macrophytes).

2.2 Trophic States

Not all lakes are at the same stage of eutrophication; therefore, criteria have been established to
evaluate the nutrient fAstatuso of | akes. Trophi
basis of total phosphorus, chlorophgltoncentrations, and Secchi disc transparencies. A TSI value

is obtained from any one of these three parameters. TSI values range upward from zero, describing

the condition of the lake in terms of its trophic status (i.e., its degree of fertility). Fphid¢rstatus

designations for lakes are listed below with corresponding TSI value ranges:

P:AMpls\49 WN49\49491001 Balam Lake Water Quality StudyorkFilesReporiReport for DNR CDBalsam Report.doc 2



1. Oligotrophici [TSI < 37]

2. Mesotrophicl [38 < TSI < 50]

3. Eutrophici [51 < TSI < 63]

4. Hypereutrophici [TSI > 64]

Clear, low productivity lakes with total phosphorus

concentrations less than or equal toppb.

Intermediate productivity lakes with total phosphorus

concentrations greater than ppb, but less than 2dpb.

total phosphorus.

High productivity lakes generally having 25 to pfib

Extremely productive lakes which are highly eutrophic,

disturbed and unstable (i.eanfluctuat in their water

guality on a daily and seasonal scatanprodue gases

and toxic substancesanexperiene periodic anoxia and

fish kills, etc.)with total phosphorus concentrations above

57 ppb.

Trophic state classifications for total phosphorus and chlorophyll a concensats well as Secchi

disc transparency are shown in Talhle

Table 1
Transparency

Trophic State Classifications for Total Phosphorus, Chlorophyll a, and Secchi Disc

Trophic State

Total Phosphorus (TP)

Chlorophyll a

Secchi Disc
Transparency

Oligotrophic

less than 10 ppb

less than 2 ppb

greater than 15 ft

(nutrient rich)

(nutrient poor) (4.6 m)
Mesotrophic 10 ppb i 24 ppb 2 ppb - 7.5 ppb 6.6 ft - 15 ft
(moderate nutrient levels) (20m-4.6m)
Eutrophic 24 ppb i 57 ppb 7.5 ppb - 26 ppb 2.8ft-6.61ft

(0.85m-2.0m)

Hypereutrophic
(extremely nutrient rich)

greater than 57 ppb

greater than 26 ppb

less than 2.8 ft
(0.85 m)

Determining the trophic status of a lake is an important step in diagnosing water quality problems.

Trophic status indicates¢h s everity

of

a |

akeobs

al gal gr owt h

P:AMpls\49 WN49\49491001 Balam Lake Water Quality StudyorkFilesReporiReport for DNR CDBalsam Report.doc
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needed to meet its recreational goals. Additional information, however, is needed to determine the
cause of algal growth and a means of reducing it.

2.3 Limiting Nutrients

The quantityor bi omass of algae in a |l ake is wusually 1
essential element or nutrignt he Al i mi ting nutrient. 0O (For roote
derived from the sediments.) The limiting nutrient concept is a wideplied principle in ecology

and in the study of eutrophication. It is based on the idea that plants require many nutrients to grow,

but the nutrient with the lowest availability, relative to the amount needed by the plant, will limit

plant growth. Itfollows then, that identifying the limiting nutrient will point the way to controlling

algal growth.

Nitrogen(N) and phosphoru@) are generally the two growtimiting nutrients for algae in most

natural waters. Analysis of the nutrient content of lakeer and algae provides ratios of N:P. By
comparing the ratio in water to the ratio in the algae, one can estimate whether a particular nutrient
may be limiting. Algal growth is generally phosphotimited in waters with N:P ratios greater than

12. Laboratory experiments (bioassays) can demonstrate which nutrient is limiting by growing the
algae in lake water with various concentrations of nutrients added. Bioassays, as well as fertilization
of in-situ enclosures and whaelake experiments, have regtedly demonstrated that phosphorus is
usually the nutrient that limits algal growth in fresh waters. Reducing phosphorus in a lake,
therefore, is required to reduce algal abundance and improve water transparency. Failure to reduce
phosphorus concentratis will allow the process of eutrophication to continue at an accelerated rate.

2.4 Nutrient Recycling and Internal Loading

Phosphorus enters a lake from either runoff from the watershed or direct atmospheric deposition.

Direct atmospheric deposition generally minimal and control of it is not feasible. It would,

therefore, seem reasonable that phosphorus in a lake can decrease by reducing watershed loads of
phosphorus to the lake. All lakes, however, accumulate phosphorus (and other nutrients) in the

sediments from the settling of particles and dead organisms. In some lakes this reservoir of

phosphorus can be reintroduced in the lake water and become available again for plant uptake. This
resuspension or release of nutrients from the sedimentgtotha k e wat er i s known as
|l oading. o The relative amounts of phosphorus <col
each lake. Phosphorus released from internal loading can be estimated from depth profiles
(measurements from surface to loot) of dissolved oxygen and phosphorus concentrations.

The figure below illustrates the 3 sources of phosphorus to a lake:

P:AMpls\49 WN49\49491001 Balam Lake Water Quality StudyorkFilesReporiReport for DNR CDBalsam Report.doc 4



¢ Watershed loading (natural sources and locally controlled sources),
¢ Atmospheric deposition (wet and dry), and
e Internal loading (@suspension and release from sediments).

N N o~ .~~~ Generalized Phosphorus Budget

0 t\.“ L N\ \ i
atmospheric deposition

wet & d ‘
natural sources locally controlled sources

shoreline erosion
street runoff
lawn clippings
fertilizer
wastewater

resuspension and release
from sediments

2.5 Watershed

The land area that drains to the lake is called a watershed. The watershed may be small, as is the

case of small seepage lakes. Seepage lakes have no stream inlet or outlet and, consequently, their
watersheds include the | and draining directly to
drainage lakes. Drainage lakes have both stream inlets and outlets and, consequently, their

watersheds include the land draining to the streams in addditre land draining directly to the

lake. Balsam Lake is a drainage lak@/ater draining to a lake may carry pollutants that affect the

|l akeds water quality. Consequently, water qual.f
use practies within the entire watershed. Good water quality conditions suggest that proper land

uses are occurring in the watershed.

Al l |l and use practices within a | akeds watershed
Impacts result from the expaot sediment and nutrients, primarily phosphorus, to a lake from its

watershed. Each land use contributes a different quantity of phosphorus to the lake, thereby,
affecting the | akebds water quality di fhdredoreent | y.
must go beyond an analysis of the | ake itself. ,
exported from the watershed, and the relationshi|
must be understood.
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3.0 Balsam Lake Watershed

3.1 Watershed Area

The Balsam Lake watershed is comprised of Balsam Lake and the land area draining to Balsam Lake
A land area totaling 26,6%cres contributes water and phosphorus to Balsam Lake (Figune 1 a

Table 1). The surface area of Balsam Latk¢als 1,954 acres. Thweatershed landrea is

approximately 14 times larger than therfacearea ofBalsam Lake

Table 2 Balsam Lake Watershed Summary (acres)*

Watershed ID Area (acres)
Harder Creek A 3,642
Harder Creek 3105
Otter Creek 2,927
Lower Riceg A 2,995
Lower Rice 2,443
S1 2,664"
S2 403"
S3 380"
S4 1,688
S4c A 307
4¢B 1,030
S4¢ C 3,861
S4¢ D? 4,077
S5 265"
S6 982"
Total Into Balsam 26,691
Lake

TIncludes land area draining to Balsam Lake and does not include Balsam La
*The "S4 D" subwatershed is landlocked and is not counted in the contributing area to Balsam Lake.

3.2 Watershed Land Use

Land uses in the Balsam Lake watershed are shown in Bi@uiterough 4nd Tables 2 and 3The
four largest land uses in theatershedcropland, forest, wetland, and grasslaodjnprise 80 percent
of the watershed The remaining 20 percenf the watersheds comprised of residential (9 percent),
lakes and open water areas (4 percent), forage and pasture areas (3 perceatri@finpercent),

the City of Mill (1 percent) and several other land uses that collectively comprise 2 percent.
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Figure 1

BALSAM LAKE WATERSHEDS
Balsam Lake, WI

Figure 1l Balsam Lake Watersheds
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Figure 2

BALSAM LAKE LAND USE
Balsam Lake, Wl

Figure 2 Balsam Lake Land Use
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Balsam Lake Land Use (Acres)

Village of Mill, 236 Other

'_Commercial, 370
429

Grassland, 1,230 Rural Res,

18 _\ Wetland,
2,132

Rice Lake, 138

Half Moon Lake, 583

Open
Water,
556

Med Density Res,

231
Lake Res, 854

Farmstead, 411

Forage/Pasture, 702

Figure 3 Balsam Lake Watershed Land Use (acres) (Excludes Balsam Lake)
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Rural Res Balsam Lake Land Use (Percent)

i)

Half Moon Lake Village of Mill Other Commercial
2% Grassland 1% 2% 1%
5% |
Open Water Wetland
2% 8%

Fg;::t Med Density Res
4]
Lake Res 1%

3%

Forage/Pasture Farmstead
3% 2%

Figure 4 Balsam Lake Watershed Land Use (Percent) (Excludes Balsam Lake)
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Table 3

Balsam Lake Watershed Land Use (acres) (Includes Balsam Lake)

Harder Harder Creek - Lower Lower Rice - Otter
Land Use Creek A Rice A Creek S1 S2 S3 S4 S4-A S4-B S4-C S5 S6
Balsam Lake 0 0 0 0 0 565 124 351 686 0 0 0 134 93
Cemetary 0 0 0 0 0 1 0 0 0 0 0 0 0 0
Church 0 0 0 0 0 3 0 0 0 0 0 0 0 0
Commercial 0 0 0 69 67 19 0 13 161 0 12 0 0 29
Cropland 332 336 1536 1765 1437 767 1 30 260 56 274 2729 1 186
Dirt Bike track 15 0 0 0 5 0 0 0 0 0 0 0 0 0
Farmstead 26 41 18 64 45 24 0 6 0 0 10 172 3 2
Forage 21 20 0 0 0 5 0 0 0 0 0 2 0 0
Forage/Pasture 70 0 15 49 89 214 14 0 32 5 126 85 2 0
Forest 1120 2377 312 326 556 1028 276 182 575 150 265 357 150 520
Golf Course 0 10 0 0 0 0 0 0 0 0 0 0 0 0
Grassland 250 178 99 200 90 39 11 0 165 3 60 94 6 31
Gravel Pit 1 12 0 12 0 0 1 0 0 0 0 0 0 0
Half Moon lake 583 0 0 0 0 0 0 0 0 0 0 0 0 0
Harder Creek 0 4 0 0 0 0 0 0 0 0 0 0 0 0
Island 0 0 0 0 0 0 4 27 24 0 0 0 0 0
Lake Res 158 23 0 0 0 138 17 85 215 0 19 0 75 124
Med Density
Res 0 0 37 21 83 1 0 0 49 0 0 0 8 31
Open Water 23 221 20 13 10 10 3 0 26 88 87 55 0 0
Park 3 0 0 0 0 0 0 0 0 0 0 0 0 0
Pasture 17 77 0 0 0 0 0 0 0 0 0 0 0 0
Rice Lake 0 0 138 0 0 0 0 0 0 0 0 0 0 0
Rural Res 84 65 135 103 122 85 16 20 48 5 104 108 9 14
Tamrack
Swamp 122 0 0 0 0 0 0 0 0 0 0 0 0 0
Trailer Park 0 0 0 0 0 0 0 0 1 0 8 0 0 0
Village of Mill 0 0 0 236 0 0 0 0 0 0 0 0 0 0
Village Res 0 0 0 0 0 0 0 0 32 0 1 0 0 0
Wetland 281 278 131 135 423 330 60 18 99 0 63 259 11 44
Total Area
(Acres)
(Includes
Balsam Lake 3,105 3,642 2,443 2,995 2,927 3,229 528 732 2,374 307 1,030 3,861 399 1,075
Total Area
(Acres)
(Excludes
Balsam Lake) 3,105 3,642 2,443 2,995 2,927 2,664 403 380 1,688 307 1,030 3,861 265 982
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Table 4  Balsam Lake Watershed Land Use (Percent) (Includes Balsam Lake)
Harder Harder Creek - Lower Lower Rice - Otter

Land Use Creek A Rice A Creek S1 S2 S3 S4 S4-A S4-B S4-C S5 S6
Balsam Lake 0.00% 0.00% 0.00% 0.00% 0.00% 17.50% 23.57% 48.03% 28.91% 0.00% 0.00% 0.00% 33.63% 8.63%
Cemetary 0.00% 0.00% 0.00% 0.00% 0.00% 0.03% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Church 0.00% 0.00% 0.00% 0.00% 0.00% 0.09% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Commercial 0.00% 0.00% 0.01% 2.31% 2.30% 0.57% 0.00% 1.72% 6.79% 0.00% 1.15% 0.00% 0.00% 2.68%
Cropland 10.68% 9.22% 62.88% 58.92% 49.09% 23.76% 0.14% 4.05% 10.97% 18.15% 26.64% 70.67% 0.13% 17.30%
Dirt Bike track 0.49% 0.00% 0.00% 0.00% 0.16% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Farmstead 0.83% 1.11% 0.76% 2.15% 1.53% 0.74% 0.01% 0.77% 0.00% 0.00% 0.95% 4.46% 0.78% 0.21%
Forage 0.67% 0.55% 0.00% 0.00% 0.00% 0.15% 0.00% 0.00% 0.00% 0.00% 0.01% 0.05% 0.00% 0.00%
Forage/Pasture 2.25% 0.00% 0.62% 1.64% 3.05% 6.64% 2.58% 0.00% 1.35% 1.67% 12.23% 2.21% 0.62% 0.00%
Forest 36.06% 65.28% 12.79% 10.89% 19.00% 31.83% 52.39% 24.91% 24.22% 48.77% 25.71% 9.23% 37.66% 48.39%
Golf Course 0.00% 0.27% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Grassland 8.06% 4.89% 4.05% 6.69% 3.09% 1.22% 2.16% 0.00% 6.97% 1.13% 5.86% 2.45% 1.44% 2.93%
Gravel Pit 0.04% 0.34% 0.00% 0.41% 0.00% 0.00% 0.17% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Half Moon lake 18.78% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Harder Creek 0.00% 0.10% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Island 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.68% 3.71% 1.03% 0.00% 0.00% 0.00% 0.00% 0.00%
Lake Res 5.07% 0.64% 0.00% 0.00% 0.00% 4.26% 3.32% 11.55% 9.04% 0.00% 1.88% 0.00% 18.70% 11.58%
Med Density
Res 0.00% 0.00% 1.53% 0.71% 2.82% 0.04% 0.00% 0.00% 2.07% 0.00% 0.00% 0.00% 1.92% 2.92%
Open Water 0.73% 6.07% 0.82% 0.44% 0.34% 0.30% 0.54% 0.00% 1.10% 28.76% 8.43% 1.44% 0.00% 0.00%
Park 0.10% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Pasture 0.54% 2.11% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Rice Lake 0.00% 0.00% 5.67% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Rural Res 2.71% 1.78% 5.51% 3.44% 4.18% 2.63% 3.07% 2.73% 2.01% 1.52% 10.10% 2.80% 2.31% 1.29%
Tamrack
Swamp 3.93% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Trailer Park 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.05% 0.00% 0.81% 0.00% 0.00% 0.00%
Village of Mill 0.00% 0.00% 0.00% 7.87% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Village Res 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 1.33% 0.00% 0.13% 0.00% 0.00% 0.00%
Wetland 9.06% 7.62% 5.37% 4.52% 14.45% 10.23% 11.37% 2.52% 4.17% 0.00% 6.09% 6.70% 2.81% 4.07%
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3.3 Water Yield, Phosphorus, and Sediment Loading

Using the pecipitation, flow, and water quality datealculations were performed to further

understand the water, phosphorus, and sediment yields in the monitored watersheds) (T\Atalter

guality data used for the calculations are presented in Appendices AythEowield is a term that

is typically used to describe flow and water quality data on a per acre of watershed area basis. The
use of Ayieldo assists in the interpretation of
watershed systems.

Using te flow monitoring data, the inches of runoff (water yield) that were generated during the
2010 water yeaare given in Tabl®. The water yield for the Otter Creek watersiveas 0.6 inches
which was2 percent of th&6.5 inches oprecipitation falling @ the Otter Creekvatershed (Table
5). The water yield from the Harder Creek watershed ¥&percent of the 36.7 inches of
precipitation falling on the watershed, a water yield df incheqTable5). The water yield from the
Lower Rice Creek watershedhs 2 percent of the 36.1 inches of precipitation falling on the
watershed, a water yield of 11.6 inches (T&i)le

Table5 2010 Water Yield and Phosphorus, and Sediment Loading to Balsam Lake from
Otter Creek, Lower Rice Creek, and Harder Creek Watersheds

Water Yield Aerial Total Aerial Soluble Aerial Total
(Inches Over Phosphorus Reactive Phosphorus | Suspended Solids
Watershed Watershed Loading (Ibs/ac) Loading (Ibs/ac) Loading (Ibs/ac)
Otter Creek 0.6 0.03 0.01 1.35
Lower Rice Creek 11.6 0.05 0.01 9.30
Harder Creek 7.1 0.03 0.01 0.97

Water quality monitoring data were used to calculate phosphorus and sediment loads to Balsam Lake
during the 2010 water yeai he loading data werdhenused to estimate phosphorus and sediment
yields from the moitored watersheds. The phosphorus yield from the Otter Creek and Harder Creek
watersheds were similand the phosphorus yield frothhe Lower Rice Creekvatershedvas higher

Each acre of watershed export@@3 pound®f total phosphorugrom the Otter Creeland Harder
Creekwatershed and0.05 poundsof total phosphorugrom theLower Rice Creek watershddr the

entire 2010 water year. The 2010 phosphorus export rateddiower Rice Creekvatershedf

0.05 pounds per acre is the same tptadsphorus eort rate estimated for an average annual
precipitation (32 inches) yes#ased upon monitoring data collected in 20B&rr 2007) The

phosphorus export rates fraime Otter Creek, Lower Rice Creek, and Harder Creek watersheds are

very low andare comparbale tothe expected rate of phosphorus export from heavily forested

P:AMpls\49 WN49\49491001 Balam Lake Water Quality StudyorkFilesReporiReport for DNR CDBalsam Report.doc 13



watersheds (Panuska, 1999)he low export rates indicate that watershed land uses are well
managed and result in minimal phosphorus export to Balsam LEkephosphorugxport rates
from Otter Creek, Harder Creek, and Lower Rice Craeknore thartwo orders of magnitudeL00
times)lower than Wisonsin phosphorus regulations adop8&aptember 242010 which restrict

phosphorus run off from fields to 6 pounds per acre annually

Because Balsam Lake watershed land uses are well managed, the
lake has good water quality andfully supports all recreational
uses, ncluding skiing, shown above.
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4.0 Balsam Lake Water Quality

4.1 Trophic State Indices (TSIs)

Trophic state indices (TSIs) were calculatemm 2010 Balsam Lake water qualiby the basis of

total phosphorus, chlorophydl concentrations, and Secchi disc transparencies to determinktleedas
stage of eutrophicationAs noted in Section 2.2 of this report, TSIs express water quality data on a
scale of 1 to 100. TSlIs are then used to determine whether the water quality of a lake is good or
problematic. Clear, low productivity lakegermed oligotrophi¢ have TSIs up to 37. Moderate
productivity, good water quality laketermed mesotrophitiave TSIs from 38 to 50. Nutrient rich
lakes with algal bloomgermed eutrophichave TSIdrom 51 to 63.Lakes in this category have

water qualiy problems ranging from very mild at the low end of the range to severe at the high end
of the range.Very nutrient rich lakes witlvery severe algal blooms angkry severavater quality
problems termed hypereutrophitiave TSIof 64 andgreater. Balsan Lake TSls in 2010 are show

in Table 6. All TSIs were computed from summer average (June through August) water quality
values. Lake sample locationare shown in Figure 1lLake water quality data are presented in

Appendices F through K.

Table 6 2010 Balsam Lake Trohic State Indices (TSls) from Summer Average (June i
August) Total Phosphorus, Chlorophyll a, and Secchi Disc Values

Sample Location Total Phosphorus Chlorophyll a Secchi Disc Transparency
S1 60 69 54
S2 48 52 47
S3 49 53 46
S4 47 51 44
S5 48 50 46
S6 49 53 46
Lake Wide Average 51 58 47

On averagethetotal phosphorus TSlalues for Balsam Lakeeremildly eutrophic,the chlorophyll

a TSl valueswereeutrophic, andhe Secchi disc TSValuesweremesotrophic. Sample locations S2
through Séhad similar water quality and Siadmuch poorer water quality than the other locations.
Total phosphorus TSIs ranged from 47 to 49 at S2 through S6 indicating mesotrophic trophic status
and moderateelvels of phosphorus. Slda total phosphosuTSI of 60 indicating a eutrophic status

or a high level of phosphorus. ChlorophgITSIs ranged from 50 to 53 at S2 through S6 indicating

a mildly eutrophic status or mild algal blooms. I&ida TSlvalueof 69 indicating a hypereutrophic
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status or vey severe algal blooms. Secchi disc transparency TSIs ranged from 44 to 47 at S2 through
S6 indicating a mesotrophic trophic status or good water transparendyad 81T Slvalue of 54

indicating a eutrophic status problematic water transparency.

4.2 Total Phosphorus, Chlorophyll a, and Secchi Disc
Transparency

2010 Balsam Lake total phosphorus, chloroplyknd Secchi disc transparency data are shown in
Figures 5 through 10. Figures 5, 7, and 9 show values from S1 through S6 and Figures 608, and 1
show lake wide average values. Trophic state categories are also shown in eactWéatgrh.

guality data are presented in Appendices F through K.

4.2.1 Total Phosphorus

Lake phosphorus levetgpically increase throughout the growing season due t@adugion of
phosphorusonveyed to the lakimm stormwater runofbr added to the lakigEom in-lake processes.
Balsam Lake followed this typicaleasonapattern, but increases at S1 were much greater than
increases at S2 through S6. Total phosphorusastanations at S2 through S6 ranged from 17 to 23
pg/L during early May and all values were in the mesotrophic category. Increases during the
summer resulted in total phosphorus concentrations at S2 through S6 ranging from 27 through 43
Mg/l in late Septerner. These values were in the eutrophic categ@$ began the growing season
with a tal phosphorusoncentration o9 ug/L whichwas in the eutrophic categoryhosphorus
increases during the growing season increaged phosphorus concentratioasS1 to 65 g/L in

late September. This value was in the hypereutrophic category.

Phosphorus concentrations from the six monitoring locations were averaged to obtain a lake wide
average phosphorus concentration. This average was within the mesotaf@gory during May
through early July and thencreasedo the eutrophic category from late July through September
(Figure 6). The 2010 lake wide summer average phosphorus concentration was 26 pg/L, which is

mildly eutrophic (Figure 6).

Wisconsin adofed a State phosphorus standard for Wisconsin lakes on September 24, 2010. The
State total phosphorus standard for Balsam Lake is 30 pg/L because Balsam Lake is a stratified
drainage lake (NR102.06)f the average lake wide summer average total phosghaoncentration
meets theStatest andar d, t he | eokseEdehccemableand thedakdis oty | s

impairedfor aquatic recreatianThe 2010Balsam LakeS1 through S@&veragesummertotal
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phosphorus concentration of 26 ug/L etethe State tandard Hence, the water quality of Balsam

Lake is considered acceptable and the lake is not impaired.
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Figure 5 2010 Balsam Lake Total Phosphorus Concentrations in the 0-2 Meter
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Figure 6 2010 Balsam Lake Total Phosphorus Concentrations in the 0-2 Meter
Depth (Lake Wide Average)
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Although the intent of the

standard is to apply it to the
lake wide average, comparing
the standard against the
averages of individual basins
can provide an indication of
whether or not individual
basins are eeriencing water
guality problems. The 2010

summer average total
phosphorugoncentrations
from S2 through S6 ranged
from 20 pg/L to 23 pg/L and

met the State standard. Hence,

S2 through S6 did not experience water quality

these basins did not experience problems during the summer of 2010. Hence, the lake
water quality problems in 2010. fully supported all recreational uses. Pictured above is a
resident skiing on Balsam Lake in 2010.

The 2010 summ@r average total
phosphorus concentration from S1 of 48 pg/L did not meet the State standard. The failure of S1 to
meet the State standard indicates S1 experiewager quality problem@ 2010 due to high

phosphorus concentrations.

4.2.2 Chlorophyll a

As shown in Figure Balsam Lake chlorophyk concentrations followed a similaeasonapattern

as total phosphorus concentration®201Q This similar pattern followed by total phosphorus and
chlorophyllaindicatest he | ak e 6 sin20l0gasdl etgeomitmed by the | akebds
concentration. Lower phosphorus concentrations during the spring and early summer were

associated with reduced algal growth while higher phosphorus concentrations during the late summer
were associated with increasddal growth. Phosphorus and chlorophyll data both told the story of

the problematic water quality observed at S1 during much of the summer.

Chlorophylla concentrations at S2 through S6 ranged from 3.8 pg/L to 10.3 pg/L in early May.
These values rangdcbm mesotrophic to mildly eutrophic. In early August, chloroplayll
concentrations at-8 to S6 had increased only slightly and ranged fré® pg/L to 12 pg/L. These

valuesranged frommesotrophic to mildly eutrophic. Late summer increases in algalt resulted
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in late Septembechlorophylla concentrations of 19.5 to 37.5 pgdt S2 through S6These values

range from eutrophic to hypereutrophic.

In early May, the chlorophykh concentration at S1 was 6.2 ug/L. i$kalue was in the mesotrophic
category and within the range of concentrations found at S2 through S6. By early August, the

chlorophylla concentration at S1 had increased tqug8. and was in the hypereutrophic category.
This value was about 7 times greater than the highest vakervdd at S2 through S6. Chlorophyli
a concentrations declined to 25 pg/L at S1 by late September. This value is in the eutrophic

category.

As shown in Figure 8,ldorophyll concentrations from the six monitoring locations were averaged to

obtain a lak wide averagehlorophyllconcentration. This average was within the mesotrophic

category during May througlate Jur. Thenincreased algal growth associated with increased lake
phosphorus concentrati on tccebtmphig feod late Jmethrbughkaglyp s wat e |
August. During late August and laBeptemberthe average was in the mildly hypereutrophic

category The 2010 lake wide summer averaggorophylla concentration wa46 pg/L, which isin

the eutrophiccategory
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Figure 7 2010 Balsam Lake Chlorophyll a Concentrations in the 0-2 Meter Depth
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Figure 8 Balsam Lake Chlorophyll a Concentrations (Lake Wide Average)

4.2.3 Secchi Disc Transparency

As shown in Figure Qeduced algal growth early in the growing season resultgdaa water
transparency throughout the lak8ecchi disc deptht the six monitoring locatiommanged fron6.9

to 12.1 feet2.1 meters to 3.7 metgrandwas in the mesotrophic category duriMay throughlate
June. Howeveras the growing season pregsed, increased algal growth associated with increased
phosphorus concentrations reduced water transparency throughout the lake. Because S1 observed
much higher phosphorus and chlorophyll concentrations than the rest of the lakeekmdsened
muchlower water transparency than the rest of the keng July through SeptemberSecchi disc
depth at S2 through S6 ranged frdi8 to 12.1 feetl.3 meters to 3.7 metgrduring July through
September.These values range from eutrophic to mesotropBitexperiencd Secchi disc depths
ranging from2.0 to 3.6 feet.6 meters to 1.1 metgrduring this period.These values range from

eutrophic to hypereutrophic.

Secchi disc depth from the six monitoring locations was averaged to obtain a lake aidgeav
This average was within the mesotrophic category during May through early August and then
deteriorated to the eutrophic category from late August through Septesaagidgure 10). The
2010 lake wide summer average Secchi disc deptrBvzateet 2.5 metery which is in the
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mesotrophic category (Figurel0). The data indicate that, on average, Balsam Lake water
transparency was good during the summer of 2010.
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Figure 9 2010 Balsam Lake Secchi Disc Depth
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Figure 10 2010 Balsam Lake Secchi Disc Transparency (Lake Wide Average)
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4.2.4 Relationship between Secchi Disc Transparency and Total Phosphorus
The 2010 data indicate8lecchi disc transparengyasprimarily determined byake totalphosphorus
concentration. Toconfirmthis relationship betweetotal phosphorus ar@ecchi disc transparency
2010Balsam Lakeotal phosphorus concentrations and Secchi disc depthsgregsbed and then
compared witha total phosphorus arfsecchi disaelationshipdevelopedy Carlson {977)from
evaluations of lage numbers of lakes the United States. The data were also compared with a
relationship developed by Heiskary and Wilson (19960in a large number dflinnesota lakes As
shown in Figure 11, most Balsam Lake data points either fablr@re very clos¢o theline

depicting theCarlson or Heiskary and Wilson relationshigtween total phosphorus concentration
and Secchi disc transparencyhe agreement between Balsam Lake data and the Carlstam and
Heiskary and Wilson relationshigenfirmsBalsam Lale Secchi disc water transparencyignarily
determined by lake phosphorus concentratiofise data indicateower phosphorus concentrations
result in higher water clarity and higher phosphorus concentrations result in reduced water clarity.
This relationship indicates management of phosphorus is the key to marBaliseyn Lakevater
clarity andit will be necessary toedue phosphorus concentrations in S1 (East Balsam Like)

improve water transparency

SD-TP Relationship for Balsam Lake
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Figure 11 Secchi Disc-Total Phosphorus Relationsip: Compare Balsam Lake Data with
Carlson and Heiskary & Wilson Relationships
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5.0 Trend Analysis

Trend analysisletermines whether
significantlong-term changes in
water quality conditiontave
occurred Balsam Lake smmer
average (June through Aust)
Secchi disc data from 2010 were
combined with data from previous
years and analyzed for lofigrm
trends. Data have been collected
from S1 (East Balsam), S4 (Main
Balsam), and S6 (Little Balsam)

since 1987. However, only

summer averages from years i

which at least 4 Secchi disc

A trend analysis indicaed the water transparency of Little
measurements occurred during  Balsam Lake has improved significantly. The improved
the summer period were included water transparency has increased the enjoyment
experienced by lake users while engaging in recreational
uses, such as skiing, pictured above.

in the trend analysisHistorical
Secchi disc data from S1 (East
Balsam Lake), S4 (Main Balsam Lake) and S6 (Little Balsam Lake) are presented in Appendix L.

To egimate the trend in Secchi disc transparency for Balsam lthk@onparametriceasonal
Mann-Kendall trend analysis was useW/Q Stat Plus software was used for the analysis and the
Sends sl ope was uRhetkendfwasrevatudtes foretipeeiad d988 through.2010.

A separate trend analysis was completed for S1 (East Balsam), S4 (Main Balsam), and S6 (Little
Balsam) (See Figure 1 for locations). The response variable, Secchi disc, was plotted versus the
independent variable, time (in ysa since 1988, along with the predicted trend line. Secchi disc was
only considered to have a significant change over time if the slope of the trend line was significantly
different from zero. The standard 95 percent confidence level was used, althew@hpercent, 90
percent, and 80 percent confidence levels were also calculated. If the analysis indicates a 95 percent
confidence that the slope of the Secchi disc trend line is different from zero, the trend is considered
statisticallysignificant. fthere is a 95 percent confidence that the Secchi disc trend line is not

different from zero, the changes in Secchi depth over time are not considered significant.
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5.1 East Balsam Lake (S1) Trend Analysis

As shown in Figure 2, average summer Secchi disansparency in East Balsam Lake has remained

relatively stable except for 1990 through 1992 when much improved water transparency was

observed. Average summer Secchi disc transparency range® @am 6.6 feetl.8 metersto 2.0
meter$ during 1988 though 1989, improved th2.5 to 13.5 feet3.8 metersto 4.1 meter$ during
1990 to 1992, wab.2 feet {.9meterg in 1993, and ranged frosh 6 to 8.5feet(1.41 metersto 26
meter$ during 2000 through 2010. The improved water transparency duringth89gyh 1992
caused the trend line to have a downwaopsl but the slope of this line was not significignt

different from zeraat the 95 percent confidence level. Hencettbad analysis indicates thenas

no significant change in Secchi disc trangwmey during the 1988 through 2010 period of record.

Signif
No
No

No
No

SR Sta
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5_4
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Constituent: SD (m) Facility: Lake Trend Analysis Data File; BALS_E-1
Date: 5/11/11 lime: 3:44 PM View: Balsam [Zust

Figure 12 East Balsam Lake Trend Analysis: Secchi Disc Depth
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5.2 Main Balsam Lake (S4) Trend Analysis

As shown in Figure 13, average summer Secchi disc transpareMainrBalsam Lake has remained
relatively stable except far989 andl990 when much improved water transparency was observed.
Average summer Secchi disc transparewag 8.5 feet 2.6 meter3 during 1988 improved t013.7

feet to 15.1 feet4.2 meters to 4.6neterg during 189to 199, was10.8 feet 8.3 meterkin 1991,

and ranged fron®.2 feet to 10.2 feetl(9 meters to 3.1 metgrduring 1992 through 2010The
improved water transparency during8B&hrough 199 caused the trend line to have a downward
slope but the slope of thiBne was not significamy different from zercat the 95 percent confidence
level. Henceahe trend analysis indicat&ecchi disc transparencyd not significantly change

during the 1988 through 2010 period of record.
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Figure 13 Main Balsam Lake Trend Analysis: Secchi Disc Depth
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5.3 Little Balsam Lake (S6) Trend Analysis

As shown in Figure 14, average summer Secchi disc transparency in Little Balsam Lake has
consistently improved during the 1988 through 2010 period of reatoadate of2 inches 0.051
meter3 per year. Th slopeof the trend linevas significantly different from zero at the 95 percent

confidence leveindicating this improvement was significant.

CANT WS 1Y)
S St
SEN'S SLOPE ESTIMATOR
Little
4
n=|§
3 ~ ~ ~ ®— Slope = 0,051
unils per year
Munn Kendall
- statistic = 74
g Alpha  Critical — Sigmif
z 0.01 68 Up
= 005 53 Up
6 (0.1 45 Up
2 0.2 36 Up
s | I
0 i i
Jul 1988 Jul 1999 Jul 2010
Constituent: SD (m) Facility: Lake Tremnd Analysas Data File: BALS_S~1
Date: 5/11/11 lime: 4:08 PM View: Balsam Little

Figure 14 Little Balsam Lake Trend Analysis: Secchi Disc Depth
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6.0 Modeling Results

Water quality models are useful predictive tools for assessing the nutrient loading to lakes and the
response of lakes to nutrient loading, their water quality. A model is defined as a simplified (often
mathematical) description of a system that asénstsilculations and predictions of the condition of

that system in a given situation (Concise Oxford Dictionary, 1990). Two different models were used
to estimate phosphorus loading to Balsam Lake and a third model was used to predict lake response

to phasphorus loading.

The FLUX model was used to estimate phosphorus loading frormomioredOtter Creek, Harder
Creek, and Lower RicE€reekwatersheds. The model uses continuous flow data and observed
phosphorus data to estimate phosphorus load. FLUX hmadi@puts results andmodeling methods

arepresented iAppendix M

The Wisconsin Lake Modeling Suite (WILMS) was used to estimate phosphorus loadinth&om
unmonitoredS1 through S6 watershed$he model uses watershed water yield and phosphorus
export coefficients to estimate phosphorus Idemn the watershedThe model also estimates
phosphorus load from septic systehased upon number of residences and estimated soil retention.

Modeling methods and resulerepresentedn AppendixN.

The BATHTUB model was used to predict lake response to phosphorus load. BATHTUB modeling
inputs methodsand resultare inpresented in Appendi®. The lake response predicted by the
BATHTUB model was compared to the observed 2010 Balsam dakmge summeatata to

determine how closely the modeled results agree with observed data. As shown in Figures 15
through 17, observed and modeldnmmer averagmtal phosphorus, chlorophydl, and Secchi disc
data are ircloseagreement. The close agreement betwdrserved and modeled lake data indicate
the BATHTUB input parameters are correct, including watershed phosphorus loads, and the
modeling results are reliabldBecause observed and modeled data acdoseagreementihe

observed data points are behind mled data points in Figures 15 through 17 and only a slight

glimpse of the edges of tlebservedointscan be seein the figures.
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Figure 15 2010 Balsam Lake Summer Average Total Phosphorus Concentrations
(0-2 Meters): Comparison between Observed and Modeled Concentrations
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Figure 16 2010 Balsam Lake Summer Average Chlorophyll a Concentrations (0-2
Meters): Comparison between Observed and Modeled Concentrations
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Figure 17. 2010 Balsam Lake Summer Average Secchi Disc Transparency: Comparison
between Observed and Modeled Data

BATHTUB modeling results included a compilation of water and phosphorus loads to the lake from
the six monitored lake segments (S1 throughl&ations shown ifrigure 1). Inlake processes

were also estimated by the médwcluding conveyance of phosphorus from one basin to another by
one way flow and the net change in phosphorus resulting from mixing between lake basins. Internal
load was also estimated by BATHTUB. The model results included water and phosphorug loadin
information computed for the lake as a whole as well as the individual basins. Modeling results are

discussed in the sections that follow.

6.1 Balsam Lake Hydrologic (Water) Budget

The Balsam Lake hydrologic budget is an accounting ofwderinflows to, outflow and
evaporation from, and storage in Balsam Lake. The 2010 hydrologic budget of Balsam Lake is
shown in Table/. Sources of water to Balsam Lake are shown in FigureTh@. lake residence time
in 2010 was 1 % yeard.ake residence time ifi¢time required for a volume equal to the full lake
volume to be replaced by inflowing waterslence, the volume of inflowing waters in 2010 would

result in replacement of the full lake volume in 1 % years.
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Table 7 2010 Balsam Lake Hydrologic Budget

Name Flow (ac ft/yr)
Lower Rice Creek 3,758
Harder Creek 1,966
S1 Watershed 2,579
S2 Watershed 390
S3 Watershed 368
S4 Watershed 6,667
S5 Watershed 256
S6 Watershed 951
Tributary Inflow 16,935
Precipitation 5,655
Total Inflow 22,590
Advective Outibw 17,594
Total Outflow 17,594
BEvaporation 3,492
Sorage Increase 1,504

4%

S5
1%

Figure 18 2010 Sources of Water to Balsam Lake (Percent of Total)

P:AMpls\49 WN49\49491001 Balam Lake Water Quality StudyorkFilesReporiReport for DNR CDBalsam Report.doc



6.2 Balsam Lake Phosphorus Budget

The Balsam Lake phosphorus budget is an accounting of the phosphorus tofl@utflow from,

and storage in Balsam Lake. The 2010 Balsam Lake phosphorus budget is shown in Table 8.

Sources of phosphorus to Balsam Lake are shown in Figur@dli®Balsam Lake phosphorus budget

only includes internal loading that impacted the & 6 s

peri od

(June

t hrough

August ) .

sur f ace

water

|l nt er nal

qual ity
l oading

September when the lake began its annual fall mixing is discussed in Section 7.3 of this report.

Table 8 2010 Balsam Lake Total Phosphorus Budget

Total Phosphorus
Name Load (Ibs/yr) | % of Total Load Conc. (ug/L) | Export (Ibs/ac/yr)
Lower Rice Creek 432 11.%06 42 0.05
Harder Creek 207 5.6% 39 0.03
S1 Watershed 432 116% 62 0.16
S2 Watershed 42 1.1% 40 0.11
S3 Weershed 57 1.5% 57 0.15
S4 Watershed 1,255 33.8% 69 0.19
S5 Watershed 55 15% 78 0.21
S6 Watershed 157 4.2% 60 0.16
Precipitation 498 13.4% 32 0.27
Internal Load 576 155%
Tributary Inflow 2,635 71.0% 57 0.10
Total Inflow 3,711 100.0% 61
Advecive Outflow 942 26.1% 20
Total Outflow 942 26.1% 20
Sorage Increase 117 3.1% 29
Retention 2,650 70.7%

P:AMpls\49 WN49\49491001 Balam Lake Water Quality StudyorkFilesReporiReport for DNR CDBalsam Report.doc

31

d
1



Harder Creek
6%

S2
1%

S3
2%

Figure 19 2010 Sources of Total Phosphorus to Balsam Lake (Percent of Total)

In addition to computing an overdilydrologic andhosphorus hdget for Balsam Lake, the

BATHTUB model computedhydrologic andohosphorus budgets f&1 through S6. These budgets
arepresentedn the sections that followThe phosphorus budgets for S1 through S6 only include the

internal phosphorus load thatimpattte t he | akeds surface water qualit
(June through August). I nternal |l oading from se:

September when the lake began its annual fall mixing is discussed in Section 7.3 of this report.

6.3 S1 Hydrologic and Phosphorus Budget
The S1 hydrologic and phosphorus budget is shown in Tal8e@wces of phosphorus are shown in
Figure 20. The location of S1 is shown on Figuzé.

S1, also known as East Balsam Lake, is a shallow basin with a metdinod@pb feet The basin has
a fairly long residence timeln 2010, S1 had a residence timeld years

Modeling results indicatene main source of phosphorus toiB2010 wasnternal loading which

comprisel half of theb a s ianm@abkphosphorusad. In 2010, watershed load and atmospheric

deposition comprisethe otheralf of the S1 phosphorus loa®hosphorus loadingdm the S1

watershed comprise@l7 percent of thé a s iarm@abkphosphorus load®hosphorus added by
atmospheridepositionc ompr i sed 13 percent of the basinds anrtr
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Table 9

2010 S1 Hydrologic and Total Phosphorus Budget

Flow (ac Flow Load Load Conc.
Name ft/yr) (%Total) (Ibslyr) (%Total) (ug/L)
S1 Watershed 2,579 61.1% 432 374 % 62
Precipitation 1,641 389% 146 12.6% 32
Internal Load 0 0.0% 576 50.0%
Tributary Inflow 2,579 61.1% 432 374% 61
Total Inflow 4,220 100.0% 1,153 100.0% 100
Advective Outflowto S3" 2,770 65.6% 359 313% 48
Net Diffusive Outflowio S3? 0 0.0% 82 71%
Total Outflow 2,770 65.6% 441 38.3% 59
Evaporation 1,014 24.0% 0 0.0%
Storage Increase 437 10.3% 57 4.9% 48
Retention 0 0.0% 655 56.7%
Hyd. Residence Time 1.6yrs
Overflow Rate 5.9 ftlyr
Mean Depth 9.5 ft

WAdvective Outflow is one way flow from S1 to the néeswnstream basin which is S3.

@Net Diffusive Outflow is the net result of back and forth mixing between S1 and S3, basins located

adjacent to one another.

Figure 20 2010 Sources of Total Phosphorus to S1
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Figure 21 Locations of Balsam Lake Basins S1 - S6
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Data collected from S1 in 2010 indicate the likely source of the internal phosphorus load was the

release of phosphorus from sediments (AppeRjlixDissolved oxygen data indicate that anoxic
conditions were consistently observed at the bottothefake during July and August (Appendix

F). When oxygen concentrations are less than 2 mg/L (anoxic conditions), sediments pump

phosphorus into the lake. The rate of pumping and the amount of phosphorus added to the lake under

anoxic conditions is detmined by the phosphorus concentration of the sediment. Temperature data

indicate the lake sometimes weakly stratified or formed temperature layers, but frequently mixed
completely In shallow lake basins such as S1 in which frequent mixing occurs, ipbiagpadded
from sedi ment is mixed throughout the | ake.

Wh e |

waters, it becomes available to algae and causes increased algal growth. During the July and August

period, S1 surface phosphorus concentrationserthan doubled, chlorophyll concentrations

increased six fold, and Secchi disc transparency was less than half of June transparency. Because S1

has a fairly long residence time, phosphorus added from sediments has an opportunity to stay in the

basin andmpact its water quality for a long period of time. The phosphorus budget for S1 indicates

the key to improving its water gquality is reduct.

sediment.

S1 flows into S3, a downstream basin, and conveys #opoof its phosphorus load to S3. In 2010,
S1 conveyed nearly 40 percent of its annual phosphorus load to S3. Hence, the addition of

phosphorus to S1 by internal loading impacted the water quality of S3 in 2010.

6.4 S2 Hydrologic and Phosphorus Budget
The 2 hydrologic and phosphorus budget is shown in TdBleéSources of phosphorus are shown i

Figure 2. The location of S& shown on Figur@l.

S2 is a shallow basin with a mean depttb & feetand a relatively short residence timim 2010, S2

had a residence time of about 3 months.

In 2010, he primary source of phosphorus toB2sHarder Creek which comprised 74 percent of
the basinbs annual p h o s gnth atmospserid deEostimompriséde mnd 2
llpercentofthebasi6 s annual prespectivélyor us | oad

Water from S2 flows into S3 downstream basinin 2010, aproximately94 percent of the S2
phosphorus load flowed to S3.
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Table 10 2010 S2 Hydrologic and Total Phosphorus Budget

Flow (ac Flow Load Load Conc.

Name ft/yr) (%Total) (Ibslyr) (%Total) (ug/L)
Harder Creek 1,966 72.7% 206 73.9% 39
S2 Watershed 390 14.4% 42 15.1% 40
Precipitation 347 12.8% 31 11.0% 32
Tributary Inflow 2,356 87.2% 248 89.0% 39
Total Inflow 2,703 100.0% 279 100.0% 38
Advective Outthw to S3 2,396 88.6% 142 50.8% 22
Net Diffusive Outflowwo S3 0 0.0% 66 23.5%
Total Outflow 2,396 88.6% 208 74.3% 32
Evaporation 214 7.9% 0 0.0%
Storage Increase 92 3.4% 6 2.0% 22
Retention 0 0.0% 66 23.7%6
Hyd. Residence Time 0.24yrs
Overflow Fate 21.7 flyr
Mean Depth 5.2 ft

WAdvective Outflow is one way flow from S2 to the next downstream basin which is S3.

@Net Diffusive Outflow is the net result of back and forth mixing between S2 and S3, basins located

adjacent to one another.

Figure 22 2010 Sources of Total Phosphorus to S2
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6.5 S3 Hydrologic and Phosphorus Budget

The S hydrologic and phosphorus budget is shown in TdlleSources of phosphorus are shown in

Figure B. The location of Sis shown on Figur@l.

S3 has a mearegth of18 feetand had a residence time of about 7 months in 2at@ primary
sources of water and phosphorus to S3 are adjacent b&sig810, ajacent basins contributed

approximately 88 perceiff the annual water load and Bércent of the annug@hosphorus load.

The
t he

S3 flows into S4, a downstream basin. In 200Dpercent of the S3 annual phosphorus load flowed

into S4.

b 20 B0anmu@algphosphorus load.

Table 11 2010 S3 Hydrologic and Total Phosphorus Budget

b a s i n aentributeds parcer anditmospheric deposition contributé@ percent of

F(l:(\:N Flow Load Load Conc.

Name ftiyr) (%Total) (Ibslyr) (%Total) (ug/L)
S3 Watershed 368 3.2% 57 6.1% 57
Precipitation 1,022 8.8% 90 9.6% 32
Tributary Inflow 368 3.2% 57 6.1% 57
Advective Inflow 10,206 | 88.0% 788 84.2% 28
Total Inflow 11,597 | 100.0% 935 100.0% 30
Advective OutfloW 10,693 | 92.2% 621 66.%% 21
Net Diffusive OutfloW 0 0% 97 10.3%
Total Outflow 10,693 92.2% 717 76. %% 25
Evaporation 631 5.4% 0 0.0%
Storag Increase 272 2.3% 16 1.7 21
Retention 0 0.0% 202 21.6%
Hyd. Residence Time 0.55yrs
Overflow Rate 32.5 ftlyr
Mean Depth 18.0 ft

WAdvective Inflow is one way flointo S3 from upstream basir&land S2
@Advective Outflow is one way flowoin S to the next downstream basin which i4.S

®Net Diffusive Outflow is the net result of back and forth mixing between S3 and adjacent basins.
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Figure 23 2010 Sources of Total Phosphorus to S3

6.6 S4 Hydrologic and Phosphorus Budget
The St hydrologc and phosphorus budget is shown in Tal?eSources of phosphorus are shown in

Figure 2. The location of 8is shown on Figur@l.

S4 has a mean depth B9 feetand had a residence time of about 8 months in 2010. The primary
source of phosphorust S4 i s t he basi no6S84watarshedrcentrileutisb In 2010
percenb f t he basi n6s a 58 anaupstrgarm lbasigphtrduted37 percend, dnd

atmospheric depositiocontributedthe remainindp er cent of t h esphorasloach 6 s annu

S4 flows into the Npé&edédsnbuof | biwe b & efittReflakeOa ndu al

via its outflow.
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Table 12 2010 S4 Hydrologic and Total Phosphorus Budget

Flow (ac Flow Load Load Conc.
Name ft/yr) (%Total) (Ibslyr) (%Total) (mg/m3)

S4 Watershed 6,667 34.4% 1,255 54.%% 69
Precipitation 2,007 10.4% 176 7. 7% 32
Tributary Inflow 6,667 34.4% 1,255 54.%% 69
Advective Inflow 10,693 55.2% 622 27.1% 21
Net Diffusive Iflow® 0 0 236 10.3%

Total Inflow 19,367 100.0% 2,289 100.0% 43
Advective Outflow’ 17,594 90.8% 944 41.2% 20
Total Outflow 17,594 90.8% 944 41.2%% 20
Evaporation 1,239 6.4% 0 0.0%

Storage Increase 534 2.8% 29 1.2% 20
Retention 0 0.0% 1,316 57.%%

Hyd. Residence Time 0.70yrs

Overflow Rate 27.6 ftlyr

Mean Depth 19.0 ft

WAdvective Inflow is one wawflow from S, the basin upstream from S4

@Net Diffusive Inflow is the net result of back and forth mixing between S3 and S4, basins located
adjacent to one another.

®Advective Outflow is one ay flow from 8 to the lake outflow

Net Diffusive
Inflow from S3
10%

Figure 24 2010 Sources of Total Phosphorus to S4
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6.7 S5 Hydrologic and Phosphorus Budget

The $ hydrologic and phosphorus budget is shown in TdBleéSources of phosphorus are shown in

Figure . The location of Sis shown on Figur@l.

S5 has a mean depth 22 feetand had a residence time of about 6 months in 2010. The primary

source of phosphorus is flow from S#n upstream basinin 2010, S6 contributed@4 percentof the

basi nbés
deposition

8 percent

gain from mixing with adjacent basins.

annualTheh dapsh ord estibatadilgpeschne ahd atmospheric

of t hhe relaans@ petcant vaas thewnat |

S5 flows into S3, a downstream basin. 2010,72 percentof the S5annual phosphorus lodbwed

into S3.

Table 13 2010 S5 Hydrologic and Total Phosphorus Budget

ac Flow Flow Load Load Conc.
Name (ftlyr) (%Total) (Ibslyr) (%Total) (mg/m3)

S5 Watershed 256 4.8% 54 13.6% 78
Precipitation 386 7.2% 34 8.5% 32
Tributary Inflow 256 4.8% 54 13.6% 78
Advective Inflow 4,738 88.1% 295 74% 23
Net Diffusive Inflo\@ 0 0.0% 15 3.8%

Total Inflow 5,380 100.0% 399 100.0% 27
Advective Outflow? 5,039 93.7% 286 71.68% 21
Total Outflow 5,039 93.7% 286 71.6% 21
Evapordéion 238 4.4% 0 0.0%

Storage Increase 103 1.9% 6 1.5% 21
Retention 0 0.0% 107 26.9%

Hyd. Residence Time 0.54 yrs

Overflow Rate 40.4 fiyr

Mean Depth 22.0 fim

WAdvective Inflow is one way inflow from S6, the basin upstream from S5

@Net Diffusve Inflow is the net result of back and forth mixing between S5aatjacent basains
®Advective Outflow is one way flow from S5 to the next downstream basin which is S3.
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Figure 25 2010 Sources of Total Phosphorus to S5

6.8 S6 Hydrologic and Phosphorus Budget
The $ hydrologic and phosphorus budget is shown in TddleSources of phosphorus are shown in

Figure &. The location of S6 is shown on Figuzé.

S6, also known as Little Balsam Lakegs a mean depth &#.4 feetand had a residence timé
about3 months in 2010. The primary source of phosphorus is flow ftomer Rice Creek In
2010,Rice Creelcontributed71 percent ot h e bammsual phdsphorus load. The S6 watershed

contributed B percent ancétmospheric depositiohpercentot he basi nds annual pho

S6 flows into S5, a downstream basin. In20®p4e r cent of the basinds annu
flowed into S5.
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Table 14 2010 S6 Hydrologic and Total

Phosphorus Budget

Flow (ac Flow Load Load Conc.

Name ft/yr) (%Total) (Ibslyr) (%Total) (mg/m®)
Lower Rice Creek 3,758 75.8% 432 70.8%0 42
S6 Watershed 951 19.2% 156 25.5% 60
Precipitation 252 5.1% 22 3.6% 32
Tributary Inflow 4,709 94.9% 588 96.%% 46
Total Inflow 4,961 100.0% 611 100.0% 45
Advective Outflow) 4,738 95.5% 295 48.3% 23
Net Diffusive Outflo\? 0 0.0% 6 1.0%
Total Outflow 4,738 95.5% 301 49.%% 23
Evaporation 155 3.1% 0 0.0%
Storage Increase 67 1.3% 4 0.7 23
Retention 0 0.0% 305 50.0%
Hyd. Residence Time 0.25yrs
Overflow Rate 58.1 filyr
Mean Depth 14.41t

WAdvective Outflow is one way flow from S6 to the next downstream basin which is S5.

@Net Diffusive Outflow is the net result of back and forth mixing between S6 and S5, basins located
adjacent to one another.

Figure 26 2010 Sources of Total Phosphorus to S6
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